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Claims 

1. Non-dripping flame retardant polyamide composition comprising 100 weight parts of the mixture of 60-90 weight 
parts of aliphatic crystalline polyamide, 5-20 weight parts of semi-aromatic amorphous polyamide, 5-20 weight 
parts of phenolic resin, 5-15 weight parts of red phosphorus, 0-100 weight parts of glass fiber, 0-400 weight parts 
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of high density filler. 

2. Non-dripping flame retardant polyamide composition as described in Claim 1 wherein high density filler is iron 
powder, iron oxide powder, ferrite, magnetite. 

3. Non-dripping flame retardant polyamide composition as described in Claim 1 wherein high density filler is glassy 
powder comprising 80 % or more of lead monoxide (PbO). 

Patentanspruche 

1 . Nichttropf ende flammhemmende Polyamidzusammensetzung, die umfaGt: 1 00 Gewichtsteile einer Mischung von 
60 - 90 Gewichtsteilen eines aliphatischen kristallinen Polyamids, 5 - 20 Gewichtsteilen eines semi-aromatischen 
amorphen Polyamids, 5 - 20 Gewichtsteilen eines Phenolharzes, 5-15 Gewichtsteilen roter Phosphor, 0-100 
Gewichtsteilen Glasfasern, 0 - 400 Gewichtsteilen eines Fullstoffes mit hoher Dichte. 

2. Nichttropfende flammhemmende Polyamidzusammensetzung nach Anspruch 1 , worin der Fullstoff mit hoher Dich- 
te Eisenpulver, Eisenoxidpulver, Ferrit, Magnetit ist. 

3. Nichttropfende flammhemmende Polyamidzusammensetzung nach Anspruch.1 , worin der Fullstoff mit hoher Dich- 
te Glaspulver ist, das 80 % Oder mehr Bleimonooxid (PbO) umfaflt. 

Revendications 

1. Composition de polyamide ignifuge sans egouttement comprenant 100 parties en poids du melange de 60-90 
parties en poids de polyamide cristallin aliphatique, 5-20 parties eh poids de polyamide amorphe semi-aromatique, 
5-20 parties en poids de resine phenolique, 5-15 parties en poids de phosphore rouge, 0-100 parties en poids de 
fibres de verre, 0-400 parties en poids de charge a haute densite. 

2. Composition de polyamide ignifuge sans egouttement telle que decrite dans la revendication 1 , dans laquelle la 
charge a haute densite est la poudre de fer, la poudre d'oxyde de fer, la ferrite, la magnetite. 

3. Composition de polyamide ignifuge sans egouttement telle que decrite dans la revendication 1 , dans laquelle la 
charge a haute density est une poudre vitreuse constitute de 80% ou plus de monoxyde de plomb (PbO). 
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^::^zz^z^^ cal t- automobi,e parts ' and eiecwc " 

no, hove sufficient nmn^Z iZ a res ' sta "^, and durability. However, since polyamide do 

employed for .nsuiatingparts or ZZl^^uZ' " " * StrUCtUra ' ^ iS ha * * be 
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burner flame, then draw down by te'setf wlhi ^ * «™ by * e apP ' ication of the 

flame and transmit much more heat from me fll fT™" *° mate 3 n9W Surface contact to the 
>o of flammable products is accented and final T m n C <f ^ ^ ^ decom P ositi - «d the formation 
300 mm under the specimen (He ema£er catd a fl* S H PeC ' me " S drops t0 burn the surgical cotton placed 
das., which is essenfial for the mlSto be utd fo T PPm9) ^ * Cann °' meet the UL94V "° fla ™ 
more evident in the composite M^Z Z 'Z^tSZT* " **** ThiS Ph ~ is 

a ny JriTas^n 5 XZ^^ ~ t ? « <° *-< -,ting point 
meltrng point such as nylon 6 nvlon 12 ™i™ 11 T ^ cr y s,all,ne "Wons for relatively lower 
resistance. But since J^S ^JlJI 7* * ° b,ain flame 

have poor ductility, the developmen of ^non drinln PP 9 ^ ^ P °° r P^essability. and generally 

5 having good procLsabil.ty aTsZgly Z^^Z^T ^ " ** ^ ^ ^ 

Summary of the Invention 

^^J^^^ n ^^ i™ ^ P*nt polyamide composition of superior 
and finafly developed the co^Z ^ cZ^Ts Z^ ** ™* " *" ^ «* 

Detailed Description of the Invention 

dripp^ ZfZ^l^Zl T^SLTc^ "* -""ST" " *» ^ ^ «■ a "°n- 
by we,ght of crystalline aSphaTc po. am.de and So^'bT Zff? * ° f ^ ^ ° f ^ % 

5-15 parts by weight of flame retardaTo-1 0 nartf h , t? 9 « sem| - aroma ^ amorphous polyamide, 
density filler, and a non-drippinq flame retard^" no, I T 9 ' ° f 9 ' 3SS flber - °- 4 °° parts b V wei 9"t of high 
the mix,ure of 95-70 % by ^^Z^^S^S^s^T 0 ^TT » « 
amorphous polyamide and 5-20 % bv w^inht nf nhlTo p0 ' yam ! de and 5 " 20 % by weight of semi-aromatic 

h,lo 9 a„ at . a organic coaSauSsTa 3* lub,^ ^ h " am « eM "9 chemle.ls. Bat siaaa 
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thin-wall molding parts. 

Recently, attention is riveted to element phosphorus, especially red phosphorus, as flame retardant free 
of such defects. Said red phosphorus is a powder of average diameter of 2-50 u. For the easy of 
compounding operation, the surface of red phosphorus may be coated with resins to protect water 
5 absorption in order to prevent the generation of toxic phosphine gas, and these kind of red phosphorus is 
also included. 

These red phosphorus flame retardant had previously known to exhibit flame resistance by the addition 
of relatively low addition levels in the resin such as 5-10 %. The flame retarding mechanism of red 
phosphorus is recognized as, that the red phosphorus in the composition burns at first by the application of 

io flame, then the resulting carbonized product and condensed phosphoric acid covers the plastic surface, and 
retard the burning of the plastic. 

Therefore, at the moment of the flame application the temperature of plastic rises by the burning of red 
phosphorus, and when the temperature reaches the melting point of the resin the hot resin drops to ignite 
the cotton, thus do not comply with UL 94V-0 standard. This phenomenon is evident for crystalline plastic 

75 having relatively low melting point. This phenomenon is tends to be improved by the incorporation of glass 
fibers in the resin, but since nylon 6 has relatively low melting point it had hardly been secceeded to 
provide non-dripping flame resistance of UL 94V-0. 

In order to improve such defect of prior art using red phosphorus flame retardant, the inventor intended 
to develop a new composition, by the addition of low levels of amorphous polyamide to a composition 

20 comprising 5-15 weight % of red phosphorus into aliphatic crystalline polyamide, in which glass fibers may 
be added when it is required, and thus succeeded to develop non-dripping flame resistance of UL 94V-0, 
and completed the present invention. 

The semi-aromatic amorphous polyamide used in the present invention is polymeric material having 
molecular structure combining linear alophatic hydrocarbon and aromatic hydrocarbon by amide linkage, 

25 and substantially transparent amorphous polyamide or copolyamide. 

As a definite composition of such amorphous polyamide include, for example, co-polycondensation 
product of hexamethylene diamine as diamine and two components of terephthalic acid and isophthalic acid 
as the dibasic acid generally called as PA6T/6I, or four component co-polycondensation product such as 
hexamethylene diamine and diamino ailicyclic compound such as bis-(4-amino-cyclohexyl)-methane as 

30 diamine and terephtalic acid and isophtalic acid as dibasic acid. The amorphous polyamide do not 
possesses melting point, and the glass transition temperature (Tg) lies between 120-1 80 °C. 

The effect of adding such amorphous polyamide in the flame retardant polyamide composition of the 
present invention is, as it becomes clear by the examples written later, extremely effective in preventing 
flame dripping of the test specimen subjected to vertical burning test even at relatively low addition levels. 

35 Namely, although red phosphorus flame retardant is effective for burning resistance of crystalline nylon 6, it 
has a defect that it cannot comply with UL 94V-0 since the specimen heated by the flame application cause 
flame dripping by its self weight and ignite the surgical cotton placed 300 mm under the lower end of the 
specimen. However, when amorphous polyamide is added to nylon 6 it increases the melt viscosity of the 
resin system, which is thought to prevent the flame dripping by self weight. This effect is especially evident 

40 - for glass fiber filled system. 

. The reason is, that the adhesion of the. blend system of nylon 6 and amorphous polyamide to glass 
fiber is better than that of nylon 6 resin alone, therefore it enhances the effect of glass fiber for preventing 
flame dripping. The ratio of crystalline polyamide and amorphous polyamide effective for flame dripping 
prevention lies between 95-5 to 70-30. If the amorphous polyamide is less than this ratio the effect for flame 

45 dripping prevention is not sufficient, and at the higher addition levels of amorphous polyamide of these 
ratio, the effect is saturated and the surface of the molded parts becomes rough. 

The composition of the present invention is also related to high-density composition by high addition 
levels of high-density fillers, to be used for rotating inertial mass or damping body. For this object, iron 
powder such as atomized iron powder, ferrite, magnetite etc., can be added 200-400 parts by weight to 100 

50 . weight parts of resin to make composite having specific gravity of 3.0-4.5. For the products that the rusting 
is not allowed, glassy powder comprising 80 % or more of lead monoxide (PbO) of particle size under 150 
mesh can be filled 500-700 weight parts to 100 weight parts of resin to produce composite having specific 
gravity of 2.7-4.0. 

It is preferred to surface treat these high-density fillers by silane coupling agents prior to compounding, 
55 in order to improve the adhesion with resin and improve the melt flow and the dispersion of fillers. Although 
such high specific gravity composite is easily cause flame dripping at burning test since the self weight of 
the specimen is heavy, the flame class of UL 94V-0 can be acquired by the composition written above. 
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novcS ZZTZZ* Toms ZT^Te co 7 T ''^^ ^ ^mer ca„e d 

presence of acidic catalyst Tnd excess nhpnn, 1 h t f at '° n r6aCti ° n ° f pheno1 and formaldehyde at the 
contain, 8 methy,o, ^^STX S^XST"* ^ " ^ "* 

present flSS^pl^.Z: 1 ^ ^ - - 

addition (eve.s, as it is ■lu^'STTlS^^S ? 7 VertiCa ' bUmin9 test ^ 
addition of red phosphorus to crystalline n "n a L e T Namel * a,th0U9h the 

heated and softened test specimen drops b 7s self w^'h ? 6 ext,n 9 uishin 9 effect but since the 

>o the specimen, thus fail to meet UL i ITo In con I ' 9n,ta sur 9 ical cotton piaced 300 mm under 
added, they increases the viscosity oMhe resin 2ed T^T 0 " a " d pheno,ic resin is 

the flame drop by self weight of the resin * ^ app,icatio ^ ^eiore they prevent 

20 js^t?5^2 rrrs mixin ? 5 - 2 ° ^ % * ■"-*« p-y-* 5 . 

5 dripping prevention is not effective and mo' hZ , " ^ ^ th6Se ran 9 e " the fla ™ 

is saturated and defects such as decrease 7i oJ 2 \ amorphous polyamide is added, the effect 

molded products occurs. „ Z ISTo P h ^ SI" VZ?^f*^'»™™»«*» 
prevention is not effective and if more MntJr iZ - « ,s J ower thar1 these range, the flame dripping 
composite is reduced. This effec is especf l y Zllf ^T 7™ * ^ *" t0 ^ SS « tha 
' thought that the blend system of nJL 6 amnrnhT f ^ 9 ' aSS fiber fiMed s ^ stem - Th ^ reason is 
fibers than that of ny.on 6 aton so enhance t£ * w Phen °"' C reSin haS bette ' adhesi °" to glass 

The polyamide composition of the 7ZnT,n^ ^ by 9 ' ass fiber ' 

stabiiizers, P ,asticizers, mold release STElcST^ .n^ddT^ ^"'^ ° f Pri0r artS SUCh as 
magnesium hydroxide may be added to 10%0 % To nl/ ♦ ? ' ° Wn mOr0anic f,ame retardant °f 
be added at the compounding process to fJe th ~ r ' ame retardanc ^ Bl ^ d oils may 

uniformity of the composite P thS separatlon of oach component and improve the 

coJZZTTZZ ~^^^ is r e by conventional process «* « 

extruders equipped with special kneading mechanism SJTS? ^ r*^' tWin SCreW 6Xtruder or 
with other components, but it is prefe abl "to sZoT, Z lt ^ by b ' endin9 tOQether 
additives at the feed port of the etfrude and fee ^ ctss fL^s afth°. /"T ^ f ' ame r8tardantS and other 
of the extruder to keep the glass fiber enoth t thi n ? , 6 feed POrt mStalled at the down stream 
better physical properties 9 ^ Pr ° dUCt ' 0nQer and to P rod ^e the composite having 

P o^^:^^^^^r ° f f- 7 ° ^ % 01 a ' iphatic C «na 
flame retardant, 0-100 weight parts o glasslbe? c X P °^ am,de ' 5 " 15 wei 9 ht P^s of red phosphorus 

weight parts of the mixture of £ 51 weS t % 0^1? ^^ ° f h '' 9h SPedf '' C 9ravity filler ' and 199 
aromatic amorphous polyamide, 5 -2 ^ wel parts ^ ofoheno^ "^T"* ^ **° ^ % ° f Semi " 
flame retardant, 0-100 weight parts of qtafs fiS ?4?5 J ' 5 WSi9ht partS 0f red Phosphorus 
non-dripping flame retardant ^^^S^2 ^^VO fl a °' hi ° h de ? ity fi " erS ' WhiCh « U P^ 
properties and processability, therefore the in^JL i^S^Z^ " 

PREFERRED EMBODIMENT 

The following examples il.ustrate the composition of the present invention. 
1. Materials 

(1) Aliphatic crystalline polyamide (PA6) 

Grilon A28GM by EMS-CHEMIE AG. 

(2) Semi-aromatic crystalline polyamide (PA6I/6T) 
Grivory G21 by EMS-CHEMIE AG. 

(3) Red phosphorus 

^ A 10 m ^ r ° n aVer3ge PaftiC,e size red Phosphorus) 

(4) Glass fiber 3PE454 by Nitto Boseki Co Ltd 

(5) High density fillers 
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agent by conventional method. 

B: Atomized iron powder KIP 300A made by Kawasaki Steel Corp., surface treated with 0.2 % 
aminosilane coupling agent by conventional method. 

C: Ferrite powder FL 951 A made by Toda Industrial Company, surface treated with 0.2 % aminosilane 
5 coupling agent by conventional method. 

D: Magnetite powder (average diameter 6 microns) made by Shin Nippon Steel Corp., surface treated 

with aminosilane with conventional method. 
(6) Phenolic resin 

A: Novolak type prepolymer 
70 B: Bellpearl R800 made by Kanebo Corp. 

2. Compounding and mounding 

Each component written in Table 1 are mixed by drum blender, and extruded by 40 mm 0 extruder at 
75 the cylinder temperature of 250 ° C to produce compound pellet. The pellet produced are injection molded 
by conventional injection molding machine (SN75A made by Niigata Engineering Company) to mold tensile 
test specimen specified by ASTM D638, and bar specimen of 12.6 mm width, 1.6 mm thickness, 126 mm 
length specified by ASTM D790, at cylinder temperature of 260 e C and mold temperature of 70 • C. 

20 3. Results 

As described in Table 1 - Table 6, when red phosphorus flame retardant is used, nylon 6 resin 
becomes self extinguishing but test specimen soften and cause flame dripping, it do not pass UL 94V-0 at 
1.6 mm thickness. On the contrary, when amorphous polyamide of 6I/6T is added, it complies with UL 94V- 
25 0 since flame dripping is prevented. 

In addition, compounds of UL 94V-0 flame class can be made by higher addition levels of high density 
fillers. 

The composite referred to the present invention provides excellent flame retardant property of non- 
dripping without reducing physical properties and moldability, to relatively low melting point polyamides 
30 such as nylon 6, nylon 12, and nylon 11 etc., and also presents a new composite with no contamination of 
working environment or living environment that may be caused by prior arts of flame retardant technology. 
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Claims 



55 1. Non-dripping flame retardant polyamide composition comprising 100 weight parts of the mixture of 95- 
70 weight parts of aliphatic crystalline polyamide and 5-30 weight parts of semi-aromatic amorphous 
polyamide, 5-15 weight parts of flame retardant, 0-100 weight parts of glass fiver, 0-400 weight parts of 
high density filler. 
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